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METHOD OF TDD PRECODING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Application 1s a Section 371 National Stage Appli-
cation of International Application No. PCT/FR2012/
052956, filed Dec. 17, 2012 and published as WO 2013/
102717 Al on Jul. 11, 2013, not 1n English.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

None.

THE NAMES OF PARTIES TO A JOINT
RESEARCH AGREEMENT

None.

FIELD OF THE DISCLOSURE

The mvention relates to the field of radio communications
making use of time division duplexing (TDD). More pre-
cisely, the invention relates to precoding techniques applied
to a data transmission system comprising a transmitter
provided with one or more transmit antennas and a receiver
provided with at least two receive antennas, thereby consti-
tuting a single-iput multiple-output (SIMO) system when
there 1s only one transmit antenna or a multiple-input
multiple-output (IMIMO) system when the system has a
plurality of transmit antennas.

BACKGROUND OF THE DISCLOSURE

It should be recalled that the purpose of such precoding 1s
firstly to cause the signals that are transmitted by the
transmit antenna(s) to be focused onto the receive antennas,
and secondly to maximize the data rate between the trans-
mitter and the recerver, for given power at the transmitter.

Strictly speaking, an aspect of the present invention
relates to a single carrier system for transmitting data over
a channel that 1s “flat” i frequency space, 1.e. without
echoes, also known as “flat fading”. In this particular
situation, the propagation channel between any transmit
antenna and any receive antenna may be represented merely
by a complex gain, which 1s measurable. Consequently, the
propagation channel between an array of a plurality of
transmit antennas and an array of a plurality of receive
antennas can be represented by a measurable complex
matrix 1n which each row corresponds to a receive antenna
and each column to a transmit antenna.

Under such circumstances, the aspects of the mvention
may advantageously be applied to each of the subcarriers of
a multicarrier system, such as modulation making use of
orthogonal frequency division multiplexing (OFDM), which
can be reduced to S independent single-carrier systems
(where S 1s the number of subcarriers), each transmitting
over a propagation channel that i1s flat in frequency space,
and each being capable of implementing aspects of the
present mvention.

In this respect, 1t should be recalled that the radio signal
transmitted by a transmit antenna i1s subjected to deforma-
tion as a function of the propagation conditions between the
transmit antenna and a receive antenna. In order to limit this
deformation, the signal 1s distorted before transmission by
applying so-called “pre-equalization™ coetlicients as a func-
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tion of the characteristics of the propagation channel
between the two antennas. In order to be able to do this, 1t

1s therefore necessary to be able to determine the charac-
teristics of the propagation channel 1n the frequency band in
question.

Among existing pre-equalization methods, methods mak-
ing use of the so-called “time reversal” technique stand out
because of its reduced complexity, 1ts good performance,
and 1ts 1ntrinsic ability to focus a radio wave on a receive
antenna. Time reversal makes 1t possible for the dispersion
caused by the propagation channel to be reduced signifi-
cantly by focusing the energy of the transmitted signal both
in time and 1n space.

Time reversal 1s a technique that was originally used 1n
the field of soundwaves and that relies on the wave equation
being mvariant with respect to time reversal. Thus, a time-
reversed wave propagates like a direct wave going back-
wards 1n time. When a short pulse transmitted from an origin
point propagates through a propagation medium, and a
portion of this wave as received by a destination point 1s
time reversed prior to being sent back through the propa-
gation medium, then the time-reversed wave converges on
the origin point where it reconstitutes a short pulse. The
signal picked up at the origin point 1s practically identical 1n
wavetorm to the original signal transmitted from the origin
point.

The time reversal technique has been applied to radio
communications networks for canceling the eflect of the
propagation channel on the signal received by a receive
antenna, 1n particular by reducing the spread of the channel
by concentrating energy on a focal point where the receive
antenna 1s located and by reducing the spread in time, known
as the “delay spread” of the received signal, and also for
simplifying the processing of received symbols after they
have passed through the channel. For this purpose, the signal
transmitted by a transmit antenna 1s pre-equalized by apply-
ing coetlicients that are obtained on the basis of time reversal
of the impulse response of the propagation channel over
which the signal 1s to pass.

With TDD transmission, the reciprocity of the channel
cnables the transmitter to estimate the channel with the help
of pilot signals. The receiver transmits pilot signals, and the
transmitter estimates the propagation channel, with the
transmitter then using i1ts estimate to pre-equalize the data
signal before transmitting it.

SUMMARY

In the context of the present invention, 1t 1s assumed that
the question of the delay spread of the channel 1s being
handled 1n one way or another, such that the eflective
channel obtained after estimation and pre-equalization can
be considered to be a channel having no spread in time (a flat
fading channel). This applies for example when the precod-
ing method of the invention 1s applied to one of the subcar-
riers used 1 OFDM modulation. Consequently, the quality
ol a precoding techmique as described herein 1s not 1ts ability
to compensate echoes (focusing 1n time), but its ability to
focus a plurality of distinct data streams on distinct receive
antennas (focusing in space).

Thus, concerning the above-defined precoding, an 1tera-
tive time reversal (ITR) precoding technique has been
proposed that i1s based on multiple 1terations of the time
reversal technique (ci. the article by W. J. Higley, P. Roux,
and W. A. Kuperman entitled “Relationship between time
reversal and linear equalization 1n digital communications™,

I. Acoust. Soc. Am., 120 (1), pp. 35 to 37, July 2006). It can
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be shown that this method enables an optimum precoder to
be obtained, providing a certain optimum number of 1tera-
tions are performed of the time reversal. Unfortunately, no
method 1s known for determining said optimum number of
iterations (other than by trial and error), such that I'TR
precoding 1s not used in practice.

An aspect of the present mvention thus provides a pre-
coding method for a TDD data transmission system com-
prising a transmitter provided with N transmit antenna(s),
where Nz1, and a receiver provided with M receive anten-
nas, where M=2. Said method i1s remarkable 1n that a series
of precoders L, 1s defined where n 1s a positive integer or
zero, and L, 1s a precoder obtained by applying (N,+nq)
iterations, where N, and q are predetermined 1ntegers such
that N,=0 and g>0, of an iterative time reversal precoder for
the matrix HEC?V , which 1s an estimate of the channel
matrix HECY*Y, and in that, said method being iterative,
cach 1teration of the method comprises the following steps:

said transmitter takes account of a predetermined value

n=n, 1f 1t 1s the first iteration ot the method, or else a
value of n as obtained during the preceding iteration of
the method;
the transmitter sends a triplet of pilot signals precoded
with the precoders L, L, ,, and L ., to the receiver;

as a function of said received triplets of pilot signals, the
receiver estimates the triplet (1,, T,_,, T, . ,) of total
data rates that can be achieved corresponding respec-
tively to (L,, L .,, L, ,), and deduces theretfrom a
control command p of value that 1s determined as
follows:
p=+1 T, ,=max (T ,T ,, T, ,):
p=—1 T =max (T,, T, . ,, T, . ,); and
p=0uT,_ ,=max (T,,T, . ,, T, .-):
the recetver sends a signaling message to the transmitter
speciiying said value of the control command p; and

on receiving said signaling message, the transmitter
updates the value of n, by replacing it with the value
(n+p).

Thus, the successive iterations cause the transmission
system to converge automatically on a precoder L, such
that the total data rate (1.e. summed over the receirve anten-
nas) T, ., associated with the pilot signals precoded with the
precoder L, _, 1s the maximum possible data rate, given the
signal-to-noise ratio of the pilot channel.

By means of these provisions, an optimum ITR precoder
1s determined dynamically. Furthermore, and advanta-
geously, performance requires only relatively little calcula-
tion.

Furthermore, i1t should be recalled that in theory the
optimum precoder for a system having the constraint of
transmitting one stream per receive antenna 1s the minimum
mean square error (MMSE) precoder as studied for example
in the article by A. D. Dabbagh and D. J. Love entitled
“Multiple antenna MMSE-based downlink precoding with
quantized feedback or channel mismatch”, IEEE Transac-
tions on Communications, Vol. 56, No. 11, pp. 18359 to 1868,
November 2008). Nevertheless, the effectiveness of that
MMSE precoder relies on accurately estimating and pre-
dicting the signal-to-noise ratio (SNR), 1.e. the ratio of the
power received (without precoding) by the receiver aver-
aged over the receive antennas and divided by the noise of
the receiver; unfortunately, 1t 1s diflicult to make this esti-
mate, such that in practice the SNR 1s poorly estimated, a
phenomenon referred to as “SNR mismatch”, and prevents
the expected performance from being obtained. Further-
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4

more, that MMSE technique requires matrix type operations
that, as 1s well known, are operations requiring a large
amount of calculation.

Advantageously, 1t 1s possible to determine an optimum
precoder without requiring an accurate estimate of the
signal-to-noise ratio and without requiring matrix inversion
to be performed.

According to particular characteristics, when the trans-
mitter has data to transmit, 1t uses for this transmaission a data
precoder G obtained by applying to the current pilot pre-
coder L, an offset 0 of iterative time reversal iterations,
said offset 0 being a function of a power diflerence 0 dB
defined as follows:

Pata
P I8

where P,,,, and P, . are the transmission powers of the
data channel and of the pilot channel respectively.

By means of these provisions, 1t 1s easy at any moment
when 1t 1s desired to transmit data to determine an optimum

data precoder G on the basis of the current pilot precoder
L

Fi+1"

According to even more particular characteristics, said
oflset o 1s calculated as follows:

s=1f]]

where E designates the integer portion, and 1 1s a predeter-
mined increase of SNR in dB associated with applying a
single 1teration of the iterative time reversal.

By means of these provisions, 1t 1s very easy to calculate
this oflset o.

Correspondingly, an aspect of the invention provides
various devices.

Thus, firstly, 1t provides a transmitter 1mn a TDD data
transmission system, said transmitter being provided with N
transmit antenna(s), where Nz1. Said transmitter 1s remark-
able 1n that 1t comprises means for storing or generating a
series of precoders L, where n 1s a positive mteger or zero,
and L 1s the precoder obtained by applying (N,+nq) itera-
tions, where N, and q are predetermined integers such that
N,=20 and g>0, of an iterative time reversal precoder tor the
matrix HEC**¥, which is an estimate of the channel matrix
HeCY, where M=z2 designates the number of receiver
antennas of any receiver, and 1n that 1t comprises means for:

storing a value of n;

sending a triplet of pilot signals precoded with the pre-

coders L,, L__,, and L, _, to said receiver;

receiving from the receiver a signaling message specity-

ing a value for a control command p; and

on receiving said signaling message, updating the value of

n by replacing 1t with the value (n+p).

According to particular characteristics, said transmitter
turther comprises means for implementing a data precoder G
obtained by applying to the current pilot precoder L, ;, an
oflset o of 1terations of the 1terative time reversal, said offset
0 being a function of a power diflerence 0 dB defined as
follows:

Pata
6 =10 mgm(;ﬁ:f ]
pilots
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where P, ., and P_;, .. are the transmission powers of the
data channel and of the pilot channel, respectively.

According to still more particular characteristics, said
oflset o 1s calculated as follows:

where E designates the integer portion, and 1 1s a predeter-
mined increase 1n the signal-to-noise ratio 1 dB associated
with applying a single 1teration of the 1terative time reversal.
Secondly, an aspect of the invention also provides a
receiver 1n a TDD data transmission system, said receiver
being provided with M receive antennas, where M=2. Said
receiver 1s remarkable 1n that 1t comprises means for:
receiving from a transmitter a triplet of pilot signals
precoded with precoders L, L. ., and L .;

as a function of said triplet of received pilot signals,
estimating the tnplets (T,, T,_,, T,.,) of achievable
total rates corresponding respectively to (L, L .,
L. .,), and deducing therefrom a control command p of
value that 1s determined as follows:

p=+1 T, ,=max (T, T, _,,T, )

p=—1 T =max (T,, T, . ,, T, _ ,); and

p=0uT, _,=max (T,,T ., T, .,);and

sending a signaling message to said transmitter giving

said value of the control command p.

According to other particular characteristics, it 1s possible
to make any of the devices briefly summarized above 1n the
context of an electronic circuit.

The advantages made available by these devices are
essentially the same as the advantages made available by the
corresponding methods brietly summarized above.

An aspect of the invention also provides a computer
program downloadable from a communications network
and/or stored on a computer readable medium and/or execut-
able by a microprocessor. The computer program 1s remark-
able 1n that 1t comprises 1nstructions for executing steps of
any ol the precoding methods briefly summarized above,
when executed on a computer.

The advantages made available by these devices and this
computer program are essentially the same as those made
available by said methods.

Other aspects and advantages of aspects of the invention
appear on reading the following detailed description of
particular embodiments given as non-limiting examples.

BRIEF DESCRIPTION OF THE DRAWINGS

The description refers to the accompanying drawings, in
which:

FIG. 1a 1s a graph plotting data rate as a function of SNR
for a series of precoders during iteration of an implemen-
tation of a method according to an aspect of the imnvention,
in which the control command received from the recerver 1s
of value (+1);

FIG. 1b 1s a graph showing the iteration following the
iteration shown 1n FIG. 1a, and 1n which the control com-
mand received from the recerver 1s of value (0);

FI1G. 2a 1s a graph showing the data rate as a function of

SNR for a series of precoders during an iteration of an
implementation of the method according to an aspect of the
invention 1n which the control command received from the
receiver 1s of value (-1); and
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6

FIG. 2b6 1s a graph showing the iteration following the
iteration shown in FIG. 2a, and 1n which the control com-

mand received from the receiver 1s of value (0).

DETAILED DESCRIPTION OF TH.
ILLUSTRATIVE EMBODIMENTS

L1l

Consideration 1s given to a data transmission system
comprising a transmitter provided with N transmit
antenna(s), where Nz1, and a receiver provided with M
recelve antennas, where Mz2.

As explamned above, the receiver mitially sends pilot
signals to the transmitter, thereby enabling the transmitter 1n
conventional manner to estimate the channel. It 1s recom-
mended to repeat this operation as often as necessary as a
tunction of possible variations in the channel over time.

The notation HEC*" designates the matrix obtained by
estimating the channel matrix HECY*Y,

To begin with there follows a description of a conven-
tional method of constructing an iterative time reversal
precoder, 1 two variant embodiments.

The first variant relates to an I'TR precoder that 1s said to
be “without normalization”.

Let A, eCY be the iterative time reversal precoder at
iteration k (where k 1s a positive integer or zero) of the
iterative time reversal. Let

H

AHDI‘?H -

"
04

where o 1s a normalization factor such that the matrix
(A, A "_]), where the exponent ‘“” designates the
conjugate transpose, and “I” designates the identity matrix,
has eigen values that are positive or zero, but strictly less

than one; by way of example it 1s possible to use:

t::f_:\/trace(ﬁﬁh)
For k=0, set: A=A

FIorm”

For k&N, with k=1, set:

A=A, +A; _FIAE:— 1)

Advantageously, 11 this method 1s called for a value k', and
if 1t was previously called for a value k<k' and A, was kept,
then A', can be deduced from A, quickly, 1.e. in a small
number (k'-k) of iterations.

The drawback of this variant 1s that variations ot A, with
k are slow; where this 1s due to the value selected for c.

The second varnant relates to an I'TR precoder that 1s said
to be “with normalization™. It differs from the first variant

solely 1n the normalization factor.
For k=0, set: A=A

Horntt

For k&N, with k=1, set:

1 . n
Ay = A + /’-'1;(_1(1 — —HAR_I],. where o = \/tI‘EiCE (Hﬂk_l)
07

Compared with the above variant, the advantage of this
variant 1s that variations of A, with k are faster.

There follows a description of a precoding method 1n an
implementation of the mvention.

Firstly, an ITR precoder A, 1s selected for the matrix
HECMV relating to the channel under consideration, which
precoder may for example be defined using one of the
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variants described above. Thereatter, a series of precoders
L. 1s defined where [ 1s the precoder A, such that:

k=Ngt+ng

where n 1s a positive integer or zero, and N, and q are
predetermined integers such that N,=z0 and g>0.

Since the method 1s 1terative, there follows a description
of the steps constituting one 1teration of the method (not to
be confused with an iteration of the time reversal when
constructing an I'TR precoder).

On mitializing the method, the index n 1s 1mtialized with
a predetermined value: n=n,. Thereafter, for each iteration of
the method, n starts with the value obtained during the
preceding 1iteration of the method.

During a step E1l, the transmitter sends separately to the
receiver a triplet of pilot signals that have been precoded
with the precoders L, L., _,, and L, _,, where such separate
transmission may be performed in three successive time
symbols, for example.

During a step E2, and as a function of the received triplet
ol pilot signals, the receiver estimates the total data rate (1.e.
summed over all of the receive antennas) that can currently

be achueved (T,, T, ., T, . ,) corresponding respectively to
(L .L, ,,L . ,). Thereafter, the recerver determines which

of these three data rates 1s the greatest, 1.e. max (1,, T

TFH+2)‘
The receiver then performs the following tests and from

them i1t deduces a control command p of value that 1s
determined as follows:

Fi+1°

p=+1 0T <T, ,,andT, ,<T, -1e. T, ,=max (1T, ,,
TH‘+2)

p=—1 i T,2T,_ ,, and T =T, , 1.e. T =max (T,, T, _,,
T .,); and

p=0u7T, 2T ,and T, 2T, ,1e. T  ,=max (T,,T, _,,
TH+2)'

During a step E3, the receiver sends a signaling message
to the transmitter specifying the value as determined 1n this
way for the control command p.

During a step E4, on receiving the message contaiming the
control command p, the transmitter applies a “precoding
oflset”: the transmitter updates the value of the index n by
replacing it with the value (n+p).

The method then moves on to the following iteration with
the updated value for n, and so on.

It should be observed that advantageously the receiver
does not necessarily need to know the value of the signal-
to-interference-plus-noise ratio (SINR) of the precoded pilot
signals 1n order to estimate the associated data rate (T,,T, . ,,
T, .,). Even 1f the receiver does indeed make use of the
values of the SINRs in order to estimate the data rate (1n a
conventional method), this estimation may be performed 1n
less accurate manner without harm since 1t 1s used only for
the purpose of determining which 1s the greatest of the three
datarates T,, T T . -; actually, 1n such a method, the total

Fi+1e “r420

data rate 1s estimated as follows (Shannon’s formula):

M
T=) log(l+3,)/log2)
m=1

where y, 1s the SINR for the precoded pilot signal on receive
antenna number m, where m=1, . . . , M (it should be
observed that the interference between the streams due to
simultaneous transmission of a plurality of distinct streams
1s taken 1nto account in this estimate).
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The above-described iterative steps are illustrated below
by means of two examples described with reference to the
accompanying figures. Each of these figures shows the same
series ol curves, with each of these curves representing, for
given precoding, the total data rate associated with the
precoded pilot signals, as measured by the receiver, as a
function of the SNR of the pilot channel averaged over the
receive antennas.

In a first example 1 FIG. 1a, given the current SNR
(which 1t 1s repeated has a value that need not necessarily be
determined), the receiver observes that T, <T, , and
T, . ,=<T _,. It therefore sends the control command p=+1 to
the transmitter. The transmitter increments the value of the
index n so that i1t becomes n'=n+1.

FIG. 15 shows the 1teration following the iteration shown
in FIG. 1a. The curves are labeled as a function of n'. The
receiver receives a triplet of pilot signals precoded by means
of precodersL_, L . ,,and L . .. The receiver thus observes
that'T, . 2T, .and T, 2T, . ,. It therefore sends the control
command p=0 to the transmitter. The transmitter increments
the value of the index which becomes n"=n', 1.¢. specifically,
on leaving the iteration, this value remains the same as on
entering 1t.

In a second example, shown 1n FIG. 2a, given the current
SNR, the receiver observes that T, =1, , and T =T, .. It
therefore sends the control command p=-1 to the transmuit-
ter. The transmitter increments the value of the index n
which thus becomes n'=n-1.

FIG. 256 shows the 1teration following that shown 1n FIG.
2a. The curves are labeled as a function of n'. The receiver
receives a triplet of pilot signals precoded by means of the
precoders L., L .. ,, and L . ,. The receiver then observes
that'T, . 2T, .andT, =T, . ,. It therefore sends the control
command p=0 to the transmitter. The transmitter increments
the value of the index which becomes n''=n', 1.e. specifically,
on leaving the iteration, this value remains the same as on
entering it.

When the transmitter has data to transmit, 1t determines a
data precoder G obtained by applying to the current pilot
precoder L, |, an oflset of 0 iterative time reversal iterations,
with this being done for the purpose of taking account of the
fact that the pilot signals and the data signals do not
necessarily have the same power.

One example of how the oflset 6 1s determined 1s as
follows. A power difference 0 dB 1s defined as follows:

Pata
6 =10 mgm(;f:f ]
pilots

where P, ., and P, .. are the transmission powers of the
data channel and of the pilot channel respectively. In other
words:

0=(SNR of the channel for data)-(SNR of the channel for
pilots).

It should be observed that the value of the power ditler-
ence 0 1s easy for the transmitter to determine since 1t 1s the
transmitter that controls the powers P,,,, and P ;..

According to particular characteristics, consideration 1s
given to a predetermined increase I (in dB) of the SNR
associated with applying a single iteration of the iterative
time reversal. The value of this increase I may be determined
by means of stimulations prior to performing the implemen-
tation of the method of the invention. Said offset 6 can then
be calculated conveniently as follows:
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where E designates the mteger portion.

As mentioned above, an aspect of the present invention
also relates to a computer system performing the above-
described precoding control method. In conventional man-
ner, the computer system comprises a central processor unit
using signals to control a memory, together with an input
unit and an output unit.

Furthermore, the computer system may be used to execute
a computer program including instructions for performing
the precoding method of the mnvention.

An aspect of the invention also provides a computer
program downloadable from a communications network and
including instructions for executing steps of a precoding
method of the invention when executed on a computer. The
computer program may be stored on a computer readable
medium and may be executable by a microprocessor.

The program may use any programming language, and be
in the form of source code, object code, or code intermediate
between source code and object code, 1n a partially compiled
form or in any other desirable form.

An aspect of the mvention also provides a computer-
readable data medium that may be permanent or partially or
completely removable, and that includes instructions of a
computer program as mentioned above.

The data medium may be any entity or device capable of
storing the program. For example, the medium may com-
prise storage means such as a read only memory (ROM), e.g.
a compact disk (CD) ROM or a microelectronic circuit
ROM, or indeed magnetic recording means, such as a hard
disk, or a unmiversal serial bus (USB) flash drive.

Furthermore, the data medium may be a transmissible
medium such as an electrical or optical signal that may be
conveyed via an electrical or optical cable, by radio, or by
other means. The computer program of the mnvention may 1n
particular be downloaded from an Internet type network.

In a variant, the data medium may be an integrated circuit
in which the computer program 1s incorporated, the circuit
being adapted to execute or to be used 1n the execution of the
method of the mvention.

Although the present disclosure has been described with
reference to one or more examples, workers skilled 1n the art
will recognize that changes may be made 1n form and detail
without departing from the scope of the disclosure and/or the
appended claims.

The 1nvention claimed 1s:
1. A precoding method for a time division duplexing
(TDD) system comprising:
performing the following acts i the TDD system, which
comprises a transmitter provided with N transmit
antenna(s), where N=1, and a receiver provided with M
recelve antennas, where Mz=2, and wherein a series of
precoders L., 1s defined where n 1s a positive integer or
zero, and L 1s a precoder obtained by applying (N,+
nq) iterations, where N, and q are predetermined inte-
gers such that N,=0 and g>0, of an 1iterative time
reversal precoder for the matrix HEC**Y, where C
designates the body of complex numbers, which 1s an
estimate of the channel matrix HEC**?, and wherein

said acts are 1terative and each iteration comprises:
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said transmitter takes account of a predetermined value
n=n,, 1f 1t 1s the first iteration of the method, or else

a value of n as obtained during the preceding 1tera-

tion of the method;
the transmitter sends a triplet of pilot signals precoded

with the precoders L, , L., and L, _, to the receiver;
as a function of said received triplets of pilot signals,
the receiver estimates the triplet (T,, T, _,, T, ,,) of
total data rates that can be achieved corresponding
respectively to (L, L, _,, L, _,), and deduces there-
from a control command p of value that 1s deter-
mined as follows:
p=+1 4T, =max (I ,T, ,,7T,.5):
p=-11tT =max (T,, T, ,, T, ,); and
p:O if Tﬂ+l:max (Tnﬂ Tm+lfJ Tn+2);
the receiver sends a signaling message to the transmit-
ter specitying said value of the control command p;
and
on receiving said signaling message, the transmitter
updates the value of n, by replacing 1t with the value
(n+p).

2. The precoding method according to claim 1, wherein
the transmitter has data to transmit, 1t uses for this trans-
mission a data precoder G obtamned by applying to the
current pilot precoder L _, an oflset 0 of iterative time
reversal 1terations, said oflset 0 being a function of a power

difference 6 dB defined as follows:

Pdsta
§=10 1ogm(Pdf ]
pilots

where P, ., and P, .. are the transmission powers of the
data channel and of the pilot channel respectively.

3. The precoding method according to claim 2, wherein
said offset o 1s calculated as follows:

where E designates an integer part, and 1 1s a predetermined
increase of signal-to-noise ratio (SNR) 1n dB associated with
applying a single iteration of the iterative time reversal.
4. A transmitter mn a time division duplexing (TDD)
system, said transmitter comprising;
N transmit antenna(s), where Nz1, and
a processor configured to store or generate a series of
precoders L, where n 1s a positive integer or zero, and
L. 1s the precoder obtained by applying (N,+nq) itera-
tions, where N, and q are predetermined 1ntegers such
that N,=0 and g>0, of an iterative time reversal pre-
coder for the matrix HEC**V, where C designates the
body of complex numbers, which 1s an estimate of the
channel matrix HECY*", where M=2 designates the
number of receiver antennas ol a receiver, and the
processor 1s further configured to:
store a value of n;
send a triplet of pilot signals precoded with the pre-
coders L , L ,,and L, to said receiver;
receive from the recerver a signaling message specily-
ing a value for a control command p;
on recerving said signaling message, update the value
of n by replacing 1t with the value (n+p);
implement a data precoder G obtained by applying to
the current pilot precoder L, an oflset o of itera-
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tions of the iterative time reversal, said oflset 0 being
a Tunction of a power difference 0 dB defined as
follows:

Pata
9 =10 mgm(Pd“ ]

pilots

where P, ., and P, . are the transmission powers of the

data channel and of the pilot channel, respectively.
5. The transmitter according to claim 4, wherein said
oifset 0 1s calculated as follows:

s=ef

where E designates an integer part, and 1 1s a predetermined
increase 1n the signal-to-noise ratio in dB associated with
applying a single iteration of the iterative time reversal.

6. An electronic circuit, wherein 1t comprises the trans-
mitter according to claim 4.

7. A non-transitory computer-readable medium having

10

15

20

stored thereon a computer program including a series of 2>

program code instructions for executing a precoding method
for a time division duplexing (TDD) system, when said
program 1s executed i a computer, wherein the method
COmMprises:
performing the following acts by a transmitter in the TDD
system, wherein the TDD system comprises the trans-
mitter which 1s provided with N transmit antenna(s),

30

12

where Nz1, and a receiver which 1s provided with M

recelve antennas, where M=2, and wherein a series of

precoders L., 1s defined where n 1s a positive integer or

zero, and L 1s a precoder obtained by applying (IN,+

nq) iterations, where N, and q are predetermined inte-

gers such that N,=z0 and g>0, of an iterative time

reversal precoder for the HEC**V, where C designates

the body of complex numbers, which 1s an estimate of

the channel matrix, HEC**?, wherein said acts are

iterative, and each iteration comprises:

said transmitter takes account of a predetermined value
n=n, 1f it 1s the first i1teration of the method, or else
a value of n as obtained during the preceding itera-
tion of the method;

the transmitter sends a triplet of pilot signals precoded
with the precoders L, L. ,,and L _, to the receiver;

the transmitter receives from the receiver a signaling
message specilying a value of a control command p,
wherein the receiver 1s deduced by the recerver,
which estimates as a function of said received triplets
of pilot signals, the triplet (T,, T _, , T, ,) of total
data rates that can be achieved corresponding respec-
tivelyto (L, L ., , L, ), and deduces theretrom the
control command p of value that 1s determined as
follows:

p=+1 0T, =max (I,,T,  ,,7T,.5):

p=1 10T =max (1, T, ,, T, _,); and

p=01t T _,=max (T,,T, ,,T, .,); and

on recerving said signaling message, the transmitter
updates the value of n, by replacing 1t with the value

(n+p).
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